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A preconcentration system for multi-element electrothermal atomic absorption spectrometry was developed
with a microcolumn packed with a chelating resin. The proposed method was applied successfully to the
simultaneous determination of Co, Ni and Cu in seawater. A sample volume of 2 ml was required for the
analysis. Retention of metal ions as a complex on the microcolumn was achieved by using Muromac A-1 (7 ml)
as the chelating resin; 20% HNO3 (50 ml) was then used for elution. The eluate was injected directly into the
graphite furnace. The simple calibration curve method was used. The detection limits and relative process
standard deviations of this method were 1.561024, 4.861024 and 1.261023 mg l21, and 4.3, 4.8 and 9.9% for
Co, Ni and Cu, respectively. The accuracy of the method was confirmed by the analysis of two certified
reference saline waters.
Introduction
Instruments of many kinds have been used to analyze trace
metals in seawater. Sturgeon et al.1 compared five analytical
methods using three different types of instruments to determine
trace elements in seawater. Electrothermal atomic absorption
spectrometry (ETAAS) is one of the most widely used
techniques for the determination of trace metals in seawater.
However, the direct and simultaneous determination of trace
metals in seawater by ETAAS is difficult even with sophisti-
cated background correction and chemical modification. This
is because of the low concentrations of the trace metals and
strong interference from the sample matrix.2 Preconcentration
can solve the above two problems and allow easy determina-
tion. Concentration of the desired trace elements can extend the
detection limits, remove interfering constituents, and improve
the precision and accuracy of the analytical results. A number
of preconcentration methods have been used for trace metal
determinations, including precipitation, co-precipitation, the
use of a chelating resin, liquid–liquid extraction and solid-
phase extraction. Among these, the chelating resin method is
simpler and less time consuming than the others. Chelating
resins such as Chelax-100,3–7 immobilized 8-hydroxyquino-
line,4,8,9 Muromac A-110–14 and polydithiocarbamate15 have
been widely used for preconcentration of trace metals from
seawater and biological materials. Willie et al.16 and Sturgeon
et al.17 described the efficiency of preconcentration for a
number of metals, using silica-immobilized 8-hydroxyquinoline
and an HNO3–HCl mixture to elute the trace elements from the
column prior to their determination by ETAAS. However the
requirements of large sample volumes (500–900 ml) for the
analysis and a substantial acid volume (10 ml) to elute the
metals from the column were major drawbacks to this method.
Porta et al.8 eluted the column twice and evaporated the eluate
twice in the graphite furnace. We reported a procedure using
C18 silica gel (5 mg) in the microcolumn and an APDC
complex. The analytes (copper and cadmium) in the seawater
were recovered quantitatively from the microcolumn with only
40 ml of methanol, and all the eluate was injected directly into
the graphite furnace.18
Azeredo et al.19 introduced the peristaltic pump as the air
drive, and integrated column preconcentration with ETAAS
successfully by using a column packed with immobilized silica
8-hydroxyquinoline. Sperling and co-workers20,21 modified the
on-line flow injection system of a flame atomic absorption
spectrometer to achieve feasible determinations with ETAAS,
based on NaDDC and C18 silica gel. Hirata and co-work-
ers,10,13 Taylor et al.14 and Sung et al.22,23 used Muromac A-1
chelating resin for online column preconcentration coupled
with ICP-AES,10 FAAS,13 ICP-MS14 and ETAAS.22,23 Isshiki
and Nakayama24 reported that the combination of TAR and
XAD-4 resin was found to be a powerful method for the
selective concentration of cobalt in seawater. The determina-
tion of trace amounts of Cd, Cu and Pb in riverine and
estuarine water, seawater, and urine samples using a flow
injection online preconcentration procedure coupled with
electrothermal atomic absorption spectrometry was investi-
gated using sorption material consisting of macrocyclic ligand
immobilized on a silica gel support.25 Nickson et al.26 reported
on an FI-ICP-MS system for the online preconcentration of
trace elements (Cd, Co, Cu, Mn and Pb) from natural waters
using commercially available iminodiacetic acid resin.
Recently, Zhang et al.27 measured ultratrace levels of cobalt
in seawater [quantitatively precipitated with the Ni(II)/8-
quinolinol complex combined with an auxiliary complexing
agent and determined by ETAAS using the solid-sampling
technique] with a detection limit of 1 ng l21 for 1000 ml
portions of seawater. The determination of Cu, Pb, Cd and Hg
in coastal seawater using a chelamine microcolumn method
was discussed by Vasconcelos and Leal.2 Olsen et al.3 used a
miniature ion-exchange column of Chelex-100 resin to
determine Pb, Cd, Cu and Zn by flame atomic absorption
spectrometry (FAAS). Beauchemin and Berman28 determined
Mn, Co, Ni, Cu, Pb and U in certified riverine water SLRS-1.
We have recently reported that trace amounts of Cd, Co and Ni
in seawater can be determined using a miniature column
packed with Muromac A-1 chelating resin and an automatic
online preconcentration system coupled with ETAAS.29
The present paper aims at developing a semi-online
preconcentration system (using Muromac A-1 as the chelating
resin) for the simultaneous determination of Co, Ni and Cu in
seawater by ETAAS. Both Chelax-100 and Muromac A-110–12
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contain iminodiacetic acid [–CH2–N(CH2COOH)2] functional
groups, but they differ in chelating properties. As reported by
Olsen et al.,3 a drawback of Chelax-100 resin is the fact that the
ion exchanger undergoes a drastic volume change as it is
converted from the NH4
z to the Hz form. The chelating
ability of Muromac A-1 resin is comparable to that of Chelax-
100, but Muromac A-1 resin is more highly purified and does
not swell or shrink at a pH below 4.5
Experimental
Reagents and samples
High purity water (18 MV cm) was prepared with a de-ionized
water system (Milli-Q, Millipore). Nitric acid (Merck, Supra-
pure grade) was purified by sub-boiling distillation. A 0.2% v/v
HNO3 solution was prepared from sub-boiled HNO3, and
further purified by passing it through the Muromac A-1
column. Commercial Co, Ni and Cu standards (1000 mg l21,
Merck) were diluted to the desired concentration with the
purified 0.2% v/v HNO3 solution. A purified buffer solution
(pH 4.0) was used as the column conditioning and washing
solutions in the preconcentration steps. A HNO3 solution (20%
v/v) was used as the eluent and column-cleaning solution. A
seawater sample used for blank seawater preparation was
collected from coastal surface water near Hsinchu, Taiwan.
The seawater was filtered through a membrane filter (Millipore,
0.45 mm), acidified with HNO3 and stored at 4 ‡C. Seawater
reference materials such as CASS-3 and NASS-5 were obtained
from the Marine Analytical Chemistry Standards Program of
the National Research Council of Canada. All solutions were
stored in polypropylene bottles (Nalgene). Plastic bottles and
sample cups were cleaned by soaking in 20% (v/v) HNO3 for
24 h, rinsing five times with Milli-Q water and storing in a Class
100 laminar flow hood until dry.
Blank seawater preparation
Blank seawater was prepared by passing the collected seawater
sample through a column packed with Muromac A-1 resin. The
residual Co, Ni and Cu concentrations in the blank seawater
were less than 0.00015, 0.00048 and 0.0012 mg l21, respectively.
Microcolumn preparation
The Muromac A-1 column, shown in Fig. 1, was prepared
using a PTFE capillary tube of the AS-60 autosampler
(2.5 cm60.94 mm id, Perkin-Elmer), packed with Muromac
A-1 resin (Muromachi Chemicals, 7 mm, 100–200 mesh).
Polyethylene frits (porosity 0.5 mm, taken from a Sep-Pak
C18 cartridge, Waters) were fixed in both ends of the
microcolumn in order to retain the resin in the column.
Preconcentration system
The assemblage of the preconcentration system is shown in
Fig. 2. A preconcentration system similar to that developed
previously by Liu and Huang18 was used except that C18 silica
gel in the microcolumn was replaced by Muromac A-1 resin,
and the aspirator pump and the Sep-Pak cartridge rack were
replaced by a peristaltic pump to maintain a stable flow of the
sample solutions. HNO3 (20%, 50 ml) was used to desorb the
metals from the Muromac A-1 resin. The eluate was injected
directly into the graphite furnace. The HNO3 solution (20%, v/v),
CH3COONH4 buffer solution (pH 4.0, 1 M), samples and
standard (2000 ml) were handled in Teflon cups.
Preconcentration procedures
Each cycle in the preconcentration process had the following
stages. (i) Rinse the column with 20% HNO3 for cleaning. (ii)
Condition the column by passing 1 M ammonium acetate
buffer through the column. (iii) Load accurate volumes of
sample (2 ml) or standard with buffer onto the column. (iv)
Pass buffer solution through the column after sampling, to
remove the matrix. (v) Dry the column by passing the air
through it for 10 s. (vi) Elute the analyte with 50 ml of 20%
HNO3. The Teflon tube with the analyte solution was
disconnected from the pump and then injected manually into
the graphite furnace using a syringe.
Instrumentation
All measurements were performed on a multi-element ETAAS
system (Model SIMAA 6000, Perkin-Elmer, Norwalk, CT,
USA) with a transversely heated graphite atomizer (THGA)
with longitudinal Zeeman-effect background correction. Pyr-
olytic graphite coated tubes with integrated platforms were
used. The rate of flow of the normal purge gas (100% Ar) was
250 ml min21. Gas flow was stopped during the atomization.
The procedure was controlled by AA Winlab software, version
2.3 (Perkin-Elmer, Norwalk, Connecticut, USA). The lamps
used were hollow-cathode lamps (HCL) from Perkin-Elmer
and the wavelengths used were Co 242.5 nm, Ni 232.0 nm and
Cu 324.8 nm. Each experimental datum is the arithmetic
average of three replicates unless otherwise specified. Peak area
of the atomic absorption signal was used for the determination.
The ashing and atomization temperatures used were 1200 and
2300 ‡C, respectively.
Results and discussion
Effect of pH on the extraction efficiency
The effect of pH on the extraction efficiency was evaluated by
extracting the seawater blank (collected and prepared at
Hsinchu), spiked with Co (0.04 mg l21), Ni (0.4 mg l21) and
Cu (0.5 mg l21) at sample pH values varying between 1.9 and
4.6, with a flow rate of 4–5 ml s21. The pH of the sample
solution was adjusted by adding ammonium acetate buffer. As
shown in Fig. 3, the adsorption of Cu decreased as the pH isFig. 1 Schematic diagram of the microcolumn assembly.
Fig. 2 Assemblage of preconcentration system: (a) peristaltic pump; (b)
flexible holder; (c) micropipette; (d) PTFE tube; (e) Muromac A-1
microcolumn; (f) PTFE beaker; and (g) syringe.
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increased above 2.8 and remained at an approximately
constant level in the pH range 3.3 to 4.6. Very low extractions
of Co and Ni were observed at pHs below 2.8. The extraction
efficiency increased as the pH increased above 2.8. A linear
increase in extraction of Ni occurred in the pH range 2.8 to 4.6,
while the extraction of Co remained almost constant over the
pH range 3.3 to 4.6. In order to determine all these metals
simultaneously, a pH of 4.2 was chosen as the optimum as it
offered significant extraction for all these elements along with
good precision.
Effect of the flow rate on the relative extraction efficiency
The effect of sample flow rate on the relative extraction
efficiency (with respect to that at flow rate of 12 ml s21) is
shown in Fig. 4. Somewhat higher extraction efficiency can be
achieved at a lower flow rate (such as 3 ml s21). However a flow
rate of 12 ml s21 was used for further study to obtain more
rapid analysis.
Effect of eluent volume
The analyte was eluted from the column using repeated
injections after loading samples (2000 ml standard Co, 0.1; Ni,
0.8; and Cu 0.75 ppb, buffered at pH 4.2) onto the chelating
column, and each eluent was analysed separately. As shown in
Table 1, 100 ml of 20% HNO3 was required to elute Co from the
column completely. The amount of acid required to elute Cu
from the column was 150–200 ml. More than 200 ml of acid was
required to elute the Ni effectively from the column. However,
the maximum volume of solution that can be introduced into
the platform is 50 ml. In order to keep the overall procedure
simpler, the determination of the heavy metal was made by
passing only an aliquot of eluent (20% HNO3, 50 ml) through
the column and injecting it into the graphite furnace. The
residual analyte was washed out effectively during the first step
of the next preconcentration cycle. The same procedures were
used to construct the calibration curves and samples.
Graphite furnace heating program
The effect of ashing temperature on the atomic absorbance and
background absorbance was studied. The atomization tem-
perature was 2300 ‡C. The background signal decreased
somewhat with increasing ashing temperature. The atomic
signals of Co and Ni remained approximately constant as the
ashing temperature varied from 600 to 1300 ‡C, and gradually
decreased at temperatures above 1400 ‡C. The atomic signals of
Cu decreased at ashing temperatures above 1200 ‡C. An ashing
temperature of 1200 ‡C was selected throughout this work for
the simultaneous determination of Co, Ni and Cu in seawater
samples.
The effect of atomization temperature was studied. The
atomic signal of Ni increased as the atomization temperature
varied from 1700 to 2400 ‡C and decreased somewhat at
2500 ‡C. The atomic signal of Cu remained approximately
constant as the atomization temperature varied from 1900 to
2500 ‡C. An atomization temperature of 2300 ‡C was chosen as
the optimum as it offered a best compromise of the atomic
Fig. 3 Effect of pH of sample solution on extraction: & for Co, $ for
Ni and + for Cu. Fig. 4 Effect of flow-rate on relative extraction efficiency: & for Co, $
for Ni and + for Cu.
Table 2 Trace element determination (mean and standard deviation of triplicate runs in seawater reference materials using preconcentration and
ETAAS. Method of calibration curve based on 0.2% HNO3 solution
Sample
Co/mg l21 Ni/mg l21 Cu/mg l21
Certified Found Certified Found Certified Found
CASS-3 0.041¡0.009 0.049¡0.004 0.386¡0.062 0.393¡0.024 0.517¡0.062 0.568¡0.018
NASS-5 0.011¡0.003 0.013¡0.002 0.253¡0.028 0.280¡0.018 0.297¡0.046 0.328¡0.026
Table 1 Integrated absorbance of several successively eluted samples after aqueous standard loading on microcolumn
No. of eluate portionb
Coa Nia Cua
(1) (2) (1) (2) (1) (2)
1 0.0442 0.0428 0.2058 0.2134 0.1556 0.1117
2 0.0073 0.0077 0.0485 0.0493 0.0223 0.0167
3 0.0018 0.0016 0.0534 0.0446 0.0072 0.0053
4 0.0011 0.0013 0.0202 0.0221 0.0051 0.0032
aIntegrated absorbance, sample (Co 0.1, Ni 0.8, Cu 0.75 mg l21 standard, 2000 ml), duplicate runs. bMulti-injection (each injection, 50 ml 20%
HNO3).
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signals, precisions and background absorption for the three
analytes.
Seawater analysis
The accuracy of the method was assessed by the determination
of Co, Ni and Cu in the certified reference saline waters, CASS-
3 and NASS-5. Table 2 shows that analytical results are within
the range of certified values.
Detection limits and precision
Detection limits were calculated as three times the standard
deviation of seven replicate measurements of blank seawater
(2000 ml) prepared from CASS-3, using the preconcentration
method. The detection limits were 1.561024, 4.861024 and
1.261023 mg l21 for Co, Ni and Cu, respectively. The detection
limits were improved by more than an order of magnitude
compared with those obtained using single element determina-
tion after preconcentration.23,29 The improvement in the
detection limits is mainly due to better instrumentation
(transverse-heated graphite atomizer and longitudinal
Zeeman-effect background corrector). The precision of the
method was assessed by making seven replicate measurements
of CASS-3 (2000 ml). Relative standard deviations for the
determinations of Co, Ni and Cu in CASS-3 were 4.3, 4.8 and
9.9%, respectively. The RSDs of this work are comparable to
those of the previous works for single-element determina-
tion.23,29
Conclusion
The present work confirmed that a simple peristaltic pump, a
manually operated preconcentration procedure and clock-
timed systems, combined with multiple ETAAS, permit the
development of an effective method for the simultaneous
determination of Co, Ni and Cu in seawater. Interferences from
the matrix species in seawater were effectively removed. The
accuracy of this method was verified by analyzing certified
reference saline waters (CASS-3 and NASS-5). The detection
limits were improved, and precisions were comparable to those
obtained with single-element ETAAS determination after
preconcentration. The drawbacks of the technique presented
here are the manual preconcentration procedure and sample
injection, which are time-consuming. However, the equipment
needed in this work is very simple and can be used in almost
any laboratory equipped with ETAAS. Furthermore, one
should be able to use an automatic online preconcentration
system with this set-up and obtain results with somewhat better
precision.
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